steroid-resistant ceils have little or no hormone binding capaciThis investigation was designed to study specific glucocorticoid binding to cytoplasmic fraction and nuclei of thymus cells during rat development and to find out whether these data can be correlated t o changes of RNA synthesizing activity of nuclei and cytoplasm. The dexamethasone binding capacity of cytoplasm rose rapidly in rats weighing up to 125 g and decreased significantly in animals weighing more than 160 g. Hormone binding t o nuclei revealed similar but less pronounced changes. RNA synthesizing activity of nuclei measured by 13H]uridine incorporation in viho decreased from 57 2 4.6 dpmlpg DNA in young t o 23 + 2.2 dpm/pg DNA in adult rats. RNA synthesizing activity of the cytoplasmic fraction fell 21.6% and that of purified polymerase 111, fell 27.8% during development. Inhibition of RNA synthesis by dexamethasone applied in vivo and in viho showed age-dependent differences. The RNA synthesizing capacity of nuclei was inhibited up t o 39% in animals weighing 130 g and only 9% in aging rats. Similar changes were observed by incubation of intact thymocytes with and without hormone. The observed inhibitory effect of dexamethasone on RNA synthesis is well correlated to changes of cytoplasmic hormone receptor capacities during development.
Summary
steroid-resistant ceils have little or no hormone binding capaciThis investigation was designed to study specific glucocorticoid binding to cytoplasmic fraction and nuclei of thymus cells during rat development and to find out whether these data can be correlated t o changes of RNA synthesizing activity of nuclei and cytoplasm. The dexamethasone binding capacity of cytoplasm rose rapidly in rats weighing up to 125 g and decreased significantly in animals weighing more than 160 g. Hormone binding t o nuclei revealed similar but less pronounced changes. RNA synthesizing activity of nuclei measured by 13H]uridine incorporation in viho decreased from 57 2 4.6 dpmlpg DNA in young t o 23 + 2.2 dpm/pg DNA in adult rats. RNA synthesizing activity of the cytoplasmic fraction fell 21.6% and that of purified polymerase 111, fell 27.8% during development. Inhibition of RNA synthesis by dexamethasone applied in vivo and in viho showed age-dependent differences. The RNA synthesizing capacity of nuclei was inhibited up t o 39% in animals weighing 130 g and only 9% in aging rats. Similar changes were observed by incubation of intact thymocytes with and without hormone. The observed inhibitory effect of dexamethasone on RNA synthesis is well correlated to changes of cytoplasmic hormone receptor capacities during development.
Speculation
If the observations on developmental changes of hormone binding capacities and on age-dependent responses of thymus cells t o glucocorticoid action can be applied in general, it is not the hormone itself, but the receptor concentration which seems to be the limiting factor for the cellular response to the hormone action. Therefore, efforts sliould be made to find ways t o induce synthesis of these receptor proteins.
Binding of steroid hormone to specific protein receptors is essential for steroid hormone action. Glucocorticoids are known to affect a variety of different tissues. Proteins which specifically bind glucocorticoid hormones have been identified in these tissues, e.g., in liver (4, 13), in thymocytes (20, 24) , and in lymphocytes (3, 23). It is generally accepted that the first step in steroid hormone action is the combination of the hormone with a specific cytoplasmic protein receptor. The cytoplasmic steroid receptor complex is then taken up by the nucleus and bound to specific acceptor sites. This interaction is believed to initiate the characteristic hormone response, presumably by alteration of D N A template activity.
ties. In view of this functional role we studied the decamethasone binding capacity of the cytoplasmic fraction and of nuclei of thymus cells during rat development. Changes in hormone binding should be correlated to a n altered response of the tissue. Therefore, we measured nuclear R N A synthesizing activity and also the DNA-dependent R N A polymerase 111, in cytoplasm that controls synthesis of tRNA (7), and the inhibition of R N A synthesis by dexamethasone in whole cells and purified nuclei during rat development.
MATERIALS AND METHODS
Han-Wistar rats were obtained from the Institut fiir Versuchstierzucht (26); animals which weighed less than 5 0 g were of either sex, heavier rats were male. [5-3H]Uridine 5'-triphosphate ([3H]UTP), specific activity 14 Cilmmol, and [1(2)-3H]dexamethasone, specific activity 28 Ci/mmol, were purchased from The Biochemical Center (27) . McCoy 5-A medium was obtained from Gibco (28), Dextran T500 from Pharmacia (29) , DE-cellulose from Whatman Biochemicals Ltd. (30) , calf thymus D N A a n d T C 199 from Serva (31), and Scintigcl from C . Roth (32) . All other chemicals were purchased from Merck (33) and Boehringer (34) . Toluene scintillation fluid contained 5 g 2,s-diphenyloxazole and 0.2 g 2,2'-p-phenylenc-bis-(5-phenyloxazole) in 1 liter of toluene.
The rats were killed by cervical dislocation, and the thymus dissected out rapidly and weighed. Glands were minced with scissors in TSS buffer (0.25 M sucrose, 0.025 M KCI, 0.01 M MgCI, in 0.067 M Tris-HC1, p H 7.55), filtered successively through four and eight layers of cheese cloth, and centrifuged at 150 x g for 1 0 min at 4". All further steps were made at 4".
ISOLATION OF THYMUS CYTOPLASM
For estimation of dexamethasone binding capacity thymocytes were homogenized in TSS buffer in a glass-teflon homogenizer. The crude nuclei were sedimcnted at 400 x g and the supernatant was centrifuged at 105,000 x g for 6 0 min in the 5 0 TI rotor of a Spinco ultracentrifuge. The soluble postmicrosomal supernatant was used after removal by suction of material which floated. In further experiments thymocytes were allowed to swell in 1.5 mM MgCI, for 5 min before homogenization. Isotonicity was reconstituted by addition of concentrated TSS buffer.
ISOLATION OF NUCLEI
The response of the-tissue t o glucocorticoid action is hormone sedimented crude nuclei were purified by centrifugation and organ specific. In case of lymphatic cells glucocorticoid through a 2.2 and 2.4 M discontinuous sucrose gradient at action results in a mainly antianabolic change of intracellular 95,000 M nonradioactive dexamethasone. After incubation 0.5-ml portions were mixed with 0.5 ml dextrancoated charcoal suspension (3.75 g charcoal and 0.375 g dextran in 100 mlO.O1 M Tris-HCI, p H 8.0) and incubated for 1 0 min at 4". Duplicate tubes were centrifuged for 2 min in an Eppendorf model 3200 centrifuge. Of the supernatant 0.5 ml was counted in scintillation fluid (Scintigel). Specific binding was measured as the difference in radioactivity present after dextran-charcoal treatment of the cytoplasmic fraction incubated in the presence and absence of nonradioactive hormone.
For assay of specific steroid uptake by nuclei, thymocytes were incubated with 5 x 10-8M [3H]dexamethasone for 30 min at 37' with or without 25 x M unlabeled dexamethasone. At the end of the incubation period, cells were sedimented (5 min, 150 x g , 2") and washed with 500 volumes of TSS buffer. Nuclei were thcn purified by sucrose density centrifugation and lysed in formic acid. DNA concentration of the solution was measured and the radioactivity counted.
ASSAY OF RNA POLYMERASE ACTIVITY
The capacity of thymus nuclei to incorporate [3H]UMP into acid-precipitable material after incubation with tritiated UTP was studied. The assay system contained, in a total volume of 150 pl: thymus nuclei equivalent to 500 p g DNA, 0.2 pmol each ATP, GTP, and CTP, 0.002 pmol UTP, 1 pCi tritiated UTP, 1.5 pmol creatine phosphate, 5 p g creatine phosphokinase, 1.5 pmol p-mercaptoethanol, 1 0 pmol (NH4),S04, 3 pmol MgS04, 10 pmol Tris-CI, pH 7.9. The reaction was terminated after an incubation period of 3 0 min at 37' by pipetting 100 pI aliquots on filter discs (16 cm2, Schleicher und Schuell 2043 b) and precipitating in 5 % ice-cold trichloroacetic acid (TCA). Discs were washed four times in T C A and two times in 96% alcohol and then dried. The radioactivity was counted in toluene scintillation fluid. In order to determine [3H]UMP incorporation into R N A in the presence of cytoplasm or polymerase 111" containing column fractions the incubation medium was slightly modified. In a total volume of 190 pI it contained: 100 pI column fraction or cytoplasm, 6 pmol MnCI,, 0.3 pmol ammonium sulfate, 16 pmol MgC12, and 5 0 p g calf thymus D N A instead of nuclei. All other constituents remained as in the system above. Polymerase 111, of cytoplasm was purified by ion exchange chromatography as described by Seifart and Benecke (21) for rat liver cytosol. Activity of polymerase 111, in single column fractions was measured. The total activity was expressed as the sum of polymerase activity in each fraction per p g protein in the starting material.
[3H]UMP incorporation into R N A by intact thymus cells was measured after incubation of cell suspensions in T C 199 medium with or without dexamethasone for 45 min at 37' followed by additional incubation for 30 min in the presence of tritiated UTP. Cells were thcn transferred to filter discs and the discs treated as described for nuclei.
Protein concentration was determined by the method of Lowry (14) with bovine serum albumin as standard. DNA was measured by the diphenylamine reaction according to the method of Burton (5) with calf thymus DNA as standard. The results are expressed as the mean val~ie + SEM.
RESULTS
Between 14 and 7 0 days of age, the body weights of the animals rose from 20-160 g and the wet weights of the thymus glands rose steadily up to 0.33 g. During further development the organ weight fell significantly ( P < 0.01) to 0.266 g in 4-month-old rats weighing 290-300 g. The ratio of thymus to body weight increased significantly up to 30-day-old animals weighing 60 g and declined steadily during further development (Fig. 1) .
The protein to DNA ratio, a measure of cell size, was 2.8 + 0.5 and remained constant during development.
The glucocorticoid binding capacity of the cytoplasmic fraction of thymus measured in vitro by incubation with
[3H]dexamethasone rose significantly (P < 0.01) in rats weighing up to 125 g and subsequently decreased rapidly ( P < 0.01) in animals with a body weight more than 160-180 g. Incubation of intact thymocytes with radioactive hormone and subsequent purification of the nuclei revealed maximal specific hormone binding in 42-day-old rats weighing 90 g. Thc reduction of the binding capacity in adult rats was less pronounced ( P < 0.1) than the decrease of glucocorticoid receptor in the cytoplasmic fraction (Fig. 2) .
After incubation of cells or cell fractions with [3H]UTPitl vitro RNA synthesis was measured by incorporation of radioactive UMP into the TCA-insoluble fraction. The nuclear RNA synthesizing activity decreased during development from 57 2 4.6 dpmlpg DNA in young to 23 + 2.2 dpm/pg DNA in aging rats (Fig. 3) . Incubation of cytoplasm with exogenous DNA as a template revealed a decrease of [3H]uridine incorporation into the acid-precipitable fraction from 36.6 + 5.5 dpm in animals weighing 6 0 g to 28.7 + 1.3 dpm/pg protein in rats weighing 280 g (P < 0.15). R N A polymerase III,, a DNA-dependent R N A polymerase localized in cytoplasm, was purified by ion cxchange chromatography of thymus cytosol. The total enzyme activity fell steadily during development and was reduced from 22.7 & 2.5 dpm in young rats to 16.4 + 2.2 dpm/pg of protein in the starting material in adult animals (P = 0.05). Whereas the activity of polymerase 111, fell 27.8% during development, the R N A synthesizing activity of the whole cytoplasmic fraction fell 21.6% in the same animals.
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. . Inhibition of in vitro R N A synthesis by glucocorticoids was studied in whole cells after it1 vitro hormone application and in isolated nuclei after intraperitoneal injection of 1 mg1100 g body weight of dexamethasone. After incubation of thymus cell suspensions with dexamethasone, depression of [3H]UMP incorporation into the TCA-precipitable fraction revealed age-dependent changes. The inhibition increased in thymus cells of animals weighing up to 180 g and was reduced in cells of older animals. It1 vivo application of the hormone resulted also in an ageassociated reduction of nuclear R N A polymerase activities. Inhibition rose up to 3 9 % in rats 8 weeks of age weighing 130 g and fell rapidly to 9 % in animals 20 weeks of age weighing 300-350 g (Fig. 4) . Inhibition of R N A polymerase III,, by the hormone in the cytoplasmic fraction of the same animals (hormone application 3 hr before death) was not significant. However, application of dexamethasone to rats 1 6 hr before killing resulted in a 37% decrease of polymerase IIIB activity (Fig. 5) .
DISCUSSION
During development of the rat the thymus weight increases steadily until the animals have reached a weight of 160 g. In older animals organ weight falls. The DNA to protein ratio however, as a measure of cell size, does not change. Therefore, the changes of organ weight are caused by reduction of cell number. Although mean organ weights were less and individual differences were greater in our animals than those described by McAnulty and Dickerson (16), the steady decrease of thymus to body weight ratio in animals weighing more than 60 g corresponds well to their results. Large individual differences of absolute and relative organ weights may be partly caused by different individual food uptake. Nutritional state affects thymus weight in humans (22) as well as in animals (16) . Male rats have been mainly used in our experiments to exclude possible sexlinked differences.
Specific binding of the synthetic glucocorticoid dexamethasone that is not metabolized in thymus cells (2) rises in the exist a second intranuclear localized glucocorticoid receptor protein (17) . Therefore, the differences in developmental changes of receptor capacities between nucleus and cytoplasm may be caused by a glucocorticoid receptor primarily localized in the nucleus.
The in vitro RNA synthesizing capacity of isolated nuclei reflects the activity of nuclear R N A polymerase I, 11, and 111, and declines steadily during development. Purified cytoplasmic polymerase IIIB similarly falls with increasing body weight. This decrease of RNA synthesizing enzymes is easy to understand in adult animals with thymus involution but less understandable in young rats with a rapid rise of organ weight. Action of glucocorticoids seems to be not relevant for this reduction of R N A synthesis in untreated animals since glucocorticoid binding capacities are not correlated to the decline of R N A synthesizing activities during development. However, inhibition of uridine incorporation into R N A of thymocytes incubated with glucocorticoids in vitro reveals age-dependent changes that are well correlated with the hormone binding of the cells. This could be caused by a different cellular uptake of radioactive nucleotides in the presence of glucocorticoids (19) . We therefore measured RNA polymerase activity in isolated nuclei after in vivo application of dexamethasone and found the strongest inhibition of RNA synthesis in thymus nuclei of animals weighing 130 g. A s only nuclear RNA polymerase I is affected by glucocorticoids (8) , the age-dependent differences of hormone effect could be caused by change of polymerase I to I1 ratio. However, there is a striking parallelism between inhibition of nuclear RNA synthesis and glucocorticoid binding capacity in thymus cells. Therefore, we assumed that the different hormone effect is caused directly by changes of glucocorticoid receptor concentrations during development. Activity of cytoplasmic polymerase IIIB does not change significantly when measured 3 hr after dexamethasone application, a time course sufficient to depress nuclear R N A synthesizing activity. However, even 1 6 hr after hormone application activity of polymerase IIIU was significantly depressed. Whether inhibition of this enzyme is age dependent as well will have to be determined.
Developmental changes of glucocorticoid binding in rat thymus cells and correspondent inhibition of DNA-dependent R N A polymerases after hormone application indicate a functional role of these hormone receptors. Similar correlations were recently found by G. S. Roth (19) in rat splenic leukocytes of adult and aging rats. In thymus as well as in spleen decrease of glucocorticoid binding may be caused by increase of steroid-resistant cell lines. Therefore, the questions of whether and of how the synthesis of glucocorticoid receptor proteins can be induced in these cells arise.
CONCLUSION
Cytoplasmic and nuclear dexamethasone binding capacities of rat thymus cells are age-dependent. R N A synthesizing activities of isolated nuclei, of cytoplasmic fraction, and of cytoplasmic RNA polymerase 111, decline during rat development. Inhibition of RNA synthesis by glucocorticoids is well correlated to age-associated changes of dexamethasone binding. 
